Abstract -This paper presents an economic analysis of the energy efficiency programs in Korea. Economic evaluation was performed by applying the California Standard Practice Test. Additionally, the energy efficiency programs were reviewed using a levelized cost evaluation methodology based on the marginal cost of the saved energy, and comparative analysis was performed with the cost of the supply resources. Finally, the future needs and development directions of the Korean energy efficiency programs are suggested.
Introduction
The constraints caused by the continuously increasing consumption of energy, the recently aggravated environmental-pollution problems, and the spike in the international oil price in the field of economics have become global issues. To address these global issues, every country in the world has implemented new energy policies [1] . The Korean government has also put in place various regulations and policies related to climate change and the increasing energy consumption of Korea. The policy that seeks to improve energy efficiency by reducing energy consumption is recognized as the most effective tool for addressing the aforementioned problems among the various policies that have been put in place. In the examination of energy efficiency programs, however, it is very difficult to determine the proper level of subsidy (or incentive) that is needed to facilitate the transition from low energy efficiency to high energy efficiency. The California state government set a novel tool, California Standard Practice Test (CSPT), which provides quantitative standards for evaluating the economic propriety of the demand side management (DSM) program [2] . Currently, various countries, including the U.S., are using such tool for evaluating their respective DSM programs.
The method proposed herein introduces the economic analysis of energy efficiency programs based on CSPT, which will soon take effect in Korea. In addition, to determine the cost effectiveness of the improved energy efficiency using the concept of cost of saved energy (CSE), this paper compares the supply cost of the resources with improved energy efficiency to the price of the electricity supply from the perspective of the energy suppliers. Finally, this paper suggests the direction for the development of the energy efficiency programs in Korea.
Energy Efficiency Programs in Korea
The DSM program is currently being implemented in Korea with respect to the electric power, gas, and heat sectors. For electric power, the load management program and the program associated with efficiency are being operated by Korea Electric Power Corporation (KEPCO). The energy efficiency program started as a support program in several industries, from those that introduced highefficiency lighting in 1993 to those that have presented high-efficiency VSDs and transformers. Table 1 presents the results of the energy efficiency programs that were implemented in the past three years.
As the government subsidizes the high-efficiencylighting industries, the support program related to the introduction of high-efficiency lighting aims to reduce greenhouse gas emission and electric-energy consumption. The devices that have received support from the government are the 32W electronic ballast, compact fluorescent lamp, high-efficiency metal halide lamp and ballast, and light-emitting diode, which recently made advances. The program for the high-efficiency VSD provides an inverter at the motor drive equipment, which does not have an inverter. Such inverter has the goal of reducing electricenergy use by controlling the frequency and voltage with respect to the characteristics of the load. The program for the high-efficiency transformer provides government support to such device through the use of an iron core made of amorphous silicon, which reduces the no-load losses.
Economic Evaluation

Overview of the evaluation
In general, for the analysis of the cost effectiveness and feasibilities related to investment, net present value (NPV), benefit-cost (B/C) ratio, payback period, and internal rate of return (IRR) are used as economic-evaluation indices. CSPT, which was proposed by CEC and CPUC in the 1980s, is being used for the analysis of the cost effectiveness for the DSM program [2] . The Korean government also uses this test to evaluate the DSM program in terms of the financial aspect. CSPT can be categorized based on four aspects: Program Administrator Cost Test (PAC Test), Participant Test (P Test), Ratepayer Impact Measure Test (RIM Test), and Total Resource Cost Test (TRC Test), and according to these four aspects, economic evaluation is performed. The indices related to the cost and benefit depending on the program have different values.
The indices of economic evaluation are constructed with four components. First, the avoided costs of the corresponding installation of efficient electric equipment includes the cost of the avoided energy due to the decreasing electric-power generation, and the avoided construction cost taking into account the profits generated when the traditional equipment are replaced with highefficiency equipment. The administrative cost is paid by the program administrator (i.e., the energy suppliers in the case of Korea). The third cost is the incentives, which are paid by the program administrator to the consumers, and the fourth is the bill savings for the electric consumers, which should be taken into account in the economic evaluation's index. Table 2 shows the cost-and-benefit index for the economic evaluation of the DSM program by test [2] . 
Economic evaluation
For the economic evaluation of the investments into energy efficiency programs, the equipment's life span and discount rate should first be defined so that the total cost and benefit, which are the outcomes of the use of the equipment throughout its life, could be converted into the present values. Therefore, in this paper, a 7.5% discount rate was used, which is being applied by KEPCO for the economic evaluation of the DSM program [3] . Table 3 presents the life spans of the related equipment. The process of the economic evaluation of energy efficiency programs is as follows: Table 3 and 4 show the unit avoided cost by program type and the electricity rate by sector. The unit avoided cost consists of the avoided capacity cost, avoided energy cost, and avoided environmental cost.
The generation resources to be set up with highefficiency equipment have been replaced by the "proxy plant" approach. In the case of Korea, the lighting and VSD are the LNG combined-cycle generator (peak generator), and a transformer is applied to the generator using bituminous coal (base generator). 
Cost and benefit by program type
To evaluate energy efficiency programs from the economic perspective, basic data regarding the number of equipment installed by program type in each sector should be provided. The following tables show the types of equipment installed by sector. Table 9 and 10 show the annual operating hours depending on the equipment type, and present the peak coincident factor. The reduced-unit-energy-consumption values by equip-ment type are shown in Table 11 . These data are needed to calculate the annual energy reduction and peak-demand reduction. In addition, the inverter adopted the power-saving rate.
Results of the economic evaluation
As mentioned earlier, the outcomes of the input indices related to economic evaluation are shown in Table 12 . The administrative costs and bill savings were converted into the present values based on the discount rate.
The major task of this section is to numerically examine the results of the economic evaluation of energy efficiency programs. The results of the economic evaluation based on the indices calculated in the previous sections are provided in Table 13 . As a result, generally, VSD is more effective overall in the aspect of economy compared to the other programs. Moreover, investing in the high-efficiency-lighting program is most effective from the point of view of the program administrator. In the case of the high-efficiency transformer, although it has less economic effects than the other energy efficiency programs, it can steadily save electric energy for a year.
Review of the Cost Effectiveness of Energy Efficiency Programs
In addition to economic evaluation, in this study, the cost effectiveness of the energy efficiency investment program was examined. It has two components, one related to the generation cost depending on the electric sources, and the other associated with the CSE from the perspective of the energy suppliers. The electrical-energy supply cost is defined as the CSE, and CSE represents the program cost annually spent by the energy suppliers for energy efficiency programs. CSE can be formulated as follows [4] : CSE stands for cost recovery factor (CRF), and CRF means the rate component on all electric bills that is a direct reflection of the fluctuating costs of generating electricity. The purpose of CRF is to equally levelize the initial program cost [5] . .
Through CRF, the total amount of the initial program cost for each program can be considered the annual cost. Table 14 presents the CSE values by program type, and the electric-supply cost depending on the source. The supply cost of the generation resources are based on the results of ACEEE's research [4] . The supply cost of the energy efficiency program is much less than the supply cost of the traditional energy generation sources and renewable energy. This fact indicates that from the energy suppliers' perspective, energy efficiency programs have much more cost effects than the traditional generation utilities involving renewable generation.
Conclusion
In this paper, economic evaluation is presented for the support plan for the energy efficiency improvement program in Korea, and based on the results of such economic evaluation, cost efficiency was also examined. The Korean government is about to establish EERS, which has been set up in the U.S. and in several other countries. As follows, the area related to energy efficiency could be a promising business. Reliable and accurate data regarding the evaluation of the propriety of a national project should be provided to determine the order of priority of the programs, or to evaluate their validity. To obtain such data, it is necessary to establish the Evaluation, Measurement, and Verification (EM&V) process. EM&V will provide a more accurate and reliable evaluation of energy efficiency programs to power companies and the government. On the other hand, coming up with a plan for energy generation sources will give useful information about the comparison of energy sources to the relevant industries.
